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TECHNICAL NOTE /Neuroradiology
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Intra-procedural  aneurysm  rupture  (IPAR)  is  one  of  the  most  feared  complications  in  the
endovascular  treatment  of  intracranial  aneurysms.  Most  IPAR  cases  occur  during  microwire
or  microcatheter  advancement  or  coil  placement  into  the  aneurysm  [1].  Flow  diverter
stent  (FDS)  treatment  may  also  result  in  early  or  late  post-procedural  aneurysm  rupture.
Although  the  deﬁnite  cause  is  not  known,  changes  in  intra-aneurysmal  hemodynamics  after
the  stent  are  held  responsible  for  the  rupture  [2]. We  present  a  case  where  IPAR  developed
during  FDS  treatment  and  hemostasis  was  achieved  with  stent-in-stent  combination.
Case report
A  40-year-old  woman  with  severe  headaches  was  found  to  have  an  intracranial  aneurysm
on  cranial  computed  tomography.  Neurological  examination  was  normal  and  her  medical
history  was  unremarkable.  Digital  subtraction  angiography  (DSA)  revealed  the  presence  of
a  wide-necked  aneurysm  in  the  parophthalmic  segments  of  both  internal  carotid  arteries
(ICA)  The  patient  was  informed  about  the  treatment  options  and  endovascular  treatment
with  a  FDS  was  planned  ﬁrst  for  the  left  ICA  aneurysm  that  was  the  largest  one.  The  patient
was  pre-medicated  with  75  mg/day  clopidogrel  and  100  mg/day  acetylsalicylic  acid)  for  one
week  before  the  procedure.
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Figure 2. Left ICA — oblique projection DSA obtained immediately
after deployment of the ﬁrst FDS, reveals aneurysm rupture and
massive extravasation of contrast medium (arrow).12  
Following  induction  of  general  anesthesia,  a  6F  80  cm  vas-
ular  introducer  sheath  was  placed  into  the  right  femoral
rtery  and  systemic  heparinization  was  performed  so  that
he  activated  clotting  time  was  250—300  seconds.  The  left
CA  was  then  selectively  catheterized  with  a  6F  Fargo  Max
uiding  catheter  (Balt,  Montmorency,  France)  through  the
ascular  sheath  and  the  aneurysm  was  evaluated  (Fig.  1).
nce  the  aneurysm  neck  was  passed  with  the  Vasco  Plus  21
icro-catheter  (Balt,  Montmorency,  France)  and  a  0.016′′
icro-guidewire  (Terumo,  Tokyo,  Japan),  a  4  mm  ×  30  mm
ilk  stent  (Balt,  Montmorency,  France)  was  placed  in  the
neurysm  neck.  Contrast  medium  extravasation  consistent
ith  aneurysm  rupture  was  observed  on  the  follow-up
ngiograms  obtained  through  the  guiding  catheter  right
fter  stenting  (Fig.  2).  Once  the  rupture  was  detected,  hep-
rinization  was  neutralized  with  50  mg  of  protamine  sulfate.
he  aneurysm  was  passed  again  with  the  same  micro-
atheter  and  micro-guidewire  and  two  more  silk  stents
ith  sizes  of  3.5  mm  ×  30  mm  and  3.5  mm  ×  20  mm  were
laced  to  perform  stent-in-stent  combination.  Follow-up
ngiograms  showed  contrast  medium  stagnation  inside  the
neurysm  with  no  contrast  extravasation  and  the  procedure
as  ended  (Fig.  3).  The  patient  was  discharged  three  days
ater  without  any  complaints  and  on  antiplatelet  treatment
75  mg/day  clopidogrel,  100  mg/day  acetylsalicylic  acid).
ix  months  later,  control  DSA  showed  complete  exclusion  of
he  aneurysms  (Fig.  4).
iscussion
DSs  are  relatively  new  generation  of  endovascular  devices
sed  as  an  alternative  to  coil  embolization  and  surgi-
al  treatment  in  wide-necked  large  aneurysms  [3]. They
ave  smaller  pores  and  a  higher  metal  coverage  rate  than
elf-expandable  intracranial  stents.  Their  ﬂow  diversion
apacity  is  therefore  higher.  They  direct  blood  ﬂow  from  the
igure 1. Three-dimensional reconstruction of DSA images shows
 left parophthalmic ICA aneurysm (arrow).
Figure 3. Left ICA — DSA on lateral projection obtained after
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deployment of second and third FDSs (arrow) shows stagnation of
ontrast medium within the aneurysm without evidence of extrava-
ation.
neurysm  to  the  distal  parent  artery  after  placement  so  that
hey  close  the  aneurysm  neck  and  promote  gradual  throm-
us  formation  by  decreasing  the  blood  input  and  output  to
he  aneurysm  lumen  [4].
Besides  promising  outcomes  reported  in  the  litera-
ure,  early  and  delayed  aneurysm  rupture  is  an  important
omplication  of  the  FDS  treatment.  Although  the  deﬁnite
echanism  is  not  known,  aneurysm  rupture  is  thought  to  be
ue  to  intra-aneurysmal  hemodynamic  changes  [2,5].
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[Figure 4. Left ICA — DSA on oblique projection at sixth-month
follow-up shows successful vascular reconstruction and complete
exclusion of the aneurysm from the circulation.
The  anatomy  of  the  parent  artery  and  aneurysm  are
important  factors  affecting  inﬂow  after  FDS  deployment.  In
this  regard,  preprocedural  evaluation  is  of  importance  [6,7].
Lack  of  full  apposition  between  the  FDS  and  parent  artery,
especially  in  tortuous  vessels  and  aneurysms  located  in  dis-
tinct  curves,  can  create  a  kind  of  endoleak  and  insufﬁcient
intra-aneurysmal  ﬂow  blockage,  leading  to  continuation  of
inﬂow  [8].  It  is  also  possible  for  the  stent  to  be  opened
non-optimally  due  to  the  weak  rigidity  of  the  FDS  and  cause
inadequate  ﬂow  diversion  [9].  Ideal  opening  of  the  stent  in
the  parent  artery  is  therefore  critical  to  completely  block
the  inﬂow.  On  the  other  hand,  a  single  FDS  may  not  com-
pletely  block  the  inﬂow  jet  depending  on  the  insufﬁciency
of  the  pore  density  and  size,  and  can  increase  the  rup-
ture  risk  following  deployment  by  forming  a  tense  aneurysm
[2,8].  A  lower  pore  size  can  be  provided  with  stent-in-stent
combination  and  the  ﬂow  from  the  parent  artery  to  the
aneurysm  can  be  completely  prevented  [4,8].  The  aneurysm
in  our  case  was  also  a  wide-necked  aneurysm  located  in  the
distinct  curve  of  the  ICA.  In  line  with  the  literature,  the
[ent  413
robable  cause  of  the  IPAR  was  the  insufﬁcient  contact  of
rst  FDS  with  the  parent  artery  and  inadequate  stent  pore
ize  to  prevent  inﬂow.  However,  the  second  and  third  stents
laced  inside  the  existing  stent  were  effective  in  achiev-
ng  hemostasis  by  creating  sufﬁcient  contact  of  the  ﬁrst
tent  with  the  parent  artery  wall  and  decreased  pore  size
o  prevent  inﬂow.
isclosure of interest
he  authors  declare  that  they  have  no  conﬂicts  of  interest
oncerning  this  article.
eferences
1] Zhang Y, Li G, Cai Y, et al. Rupture during the endovascular
treatment of intracranial aneurysms: outcomes and technical
aspects. Acta Neurochir (Wien) 2013;155:569—77.
2] Turowski B, Macht S, Kulcsár Z, et al. Early fatal hemorrhage
after endovascular cerebral aneurysm treatment with a ﬂow
diverter (SILK-stent): do we need to rethink our concepts? Neu-
roradiology 2011;53:37—41.
3] C¸inar C, Bozkaya H, Oran I. Endovascular treatment of cranial
aneurysms with the pipeline ﬂow-diverting stent: preliminary
mid-term results. Diagn Interv Radiol 2013;19:154—64.
4] Augsburger L, Farhat M, Reymond P, et al. Effect of ﬂow
diverter porosity on intraaneurysmal blood ﬂow. Klin Neurora-
diol 2009;19:204.5—14.5.
5] Briganti F, Leone G, Napoli M, et al. Early fatal hemor-
rhage after endovascular treatment of a giant aneurysm
with ﬂow diverter device and coils. Clin Neuroradiol 2014,
http://dx.doi.org/10.1007/s00062-014-0310-x.
6] Rodriguez-Régent C, Edjlali-Goujon M, Trystram D, et al.
Non-invasive diagnosis of intracranial aneurysms. Diagn Interv
Imaging 2014;95:1163—74.
7] Edjlali M, Roca P, Gentric JC, et al. Advanced technologies
applied to physiopathological analysis of central nervous system
aneurysms and vascular malformations. Diagn Interv Imaging
2014;95:1187—93.
8] Mut F, Raschi M, Scrivano E, et al. Association between
hemodynamic conditions and occlusion times after ﬂow
diversion in cerebral aneurysms. J Neurointerv Surg 2014,
http://dx.doi.org/10.1136/neurintsurg-2013-011080.
9] Cirillo L, Leonardi M, Dall’olio M, et al. Complications in the
treatment of intracranial aneurysms with silk stents: an analysis
of 30 consecutive patients. Interv Neuroradiol 2012;18:413—25.
